Intracardiac echocardiography (ICE) has been commonly utilized for intraprocedural monitoring during structural heart interventions, and AcuNav is the most widely used device. Its imaging quality has been dramatically improved with the addition of a phasedarray system in recent years, and it has been used as an alternative to transesophageal echocardiography (TEE), especially in cases of atrial septal defect and patent fossa ovale closure. One advantage of ICE over TEE is that it does not require general anesthesia with endotracheal intubation, which means it is less invasive procedure. However, its application during other structural interventions remains in an early stage due to technologic limitations. Multiplanar imaging and wide-sector three-dimensional imaging are required to improve its utility.
Intracardiac echocardiography (ICE) has been commonly used as an intraprocedural modality during structural heart interventions. It provides real-time anatomical assessment, and in certain procedures it has been used as an alternative to transesophageal echocardiography (TEE). ICE imaging quality was dramatically improved with the recent addition of a phased-array system [1] . There are currently five types of commercially available ICE catheter systems: AcuNav (Siemens Medical Solutions, Malvern, PA, USA), UltraICE (Boston Scientific, Marlborough, MA, USA), EP Med View Flex (St. Jude Medical, St. Paul, MN, USA), ClearICE (St. Jude Medical), and SoundStar Catheter (Biosense Webstar Diamond Bar, CA, USA) [2] . AcuNav is currently the most widely utilized system during structural heart interventions. There are 8-and 11-French (F) catheters, and either the femoral or jugular vein is commonly used. It is capable of producing frequencies between 5 and 10 MHz, resulting in adequate imaging up to 10 to 14 cm from the transducer. This allows visualization of most left-sided structures from the right side of the heart. For selected interventions, ICE can be introduced into the left ventricle or atrium to produce additional images. The orientation marker on the screen shows the position of the handle such that inferior and superior structures are on the left and side of the screen, respectively. Fourway articulation of the catheter tip enables excellent maneuverability for optimal imaging, and full Doppler capabilities including color, tissue, and spectral Doppler provides additional information.
Compared with TEE, ICE provides many advantages. It does not require general anesthesia with endotracheal intubation and is therefore less invasive. Furthermore, fluoroscopy time, interventional procedural time, and hospital stay have are shortened [3] , all of which could reduce total intervention cost.
Potential complications that may result from rightsided ICE imaging are extremely rare and include
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Structural Views
Home View (Figure 1) The ICE catheter is advanced into the right atrium under fluoroscopic guidance from the femoral vein. Since ICE does not have a wire lumen and uses a relatively stiff shaft, careful advance is necessary to avoid vascular complications. The probe in the neutral position within the right atrium allows for visualization of the right atrium, right ventricle, and tricuspid valve. It is often useful to return to this view when the operator is confronted with an unfamiliar view following multiple steering manipulations.
Right Ventricular Outflow Tract View (Figure 2)
From home view, clockwise rotation of approximately 30° brings the right ventricular outflow tract (RVOT), pulmonary artery, and aortic valve into view. 
Left Atrial Appendage, Mitral Valve View (Figure 3)
Further rotation of the catheter approximately 60° brings the mitral valve and the left atrial appendage. In selected patients, the left atrial appendage can be adequately evaluated from the right atrium to be sure it is clear of thrombus by two-dimensional ICE due to highly morphological variety of left atrial appendages. If there is not adequate visualization from the right side, the ICE catheter must be introduced into the coronary sinus [4] , RVOT, left pulmonary artery [5] , or left atrium [6] following transseptal puncture to confirm that the appendage is free of thrombus ( Figure 4 ).
Left Pulmonary Vein, Fossa Ovalis View (Long Axis View) Figures 5 and 6
Another rotation of more than 90° from the home view brings the left atrium and left pulmonary veins into view. Posterior tilt allows clear visualization of the fossa ovalis. The superior vena cava (SVC) can be seen by advancing the ICE catheter further to the superior right atrium, while the inferior vena cava (IVC) can be seen by 
Specific Procedure Use
Current clinical applications of ICE in cardiac interventional procedures include guidance of transseptal puncture [7] , ASD/patent foramen ovale (PFO) closure [8, 9] , percutaneous mitral balloon valvuloplasty [10] , and TAVR [11] . It can be also used to guide diagnostic evaluation of cardiac mass [12] , coronary sinus pacemaker lead placement [13] , ventricular septal defect closure [14] , transluminal septal ablation for hypertrophic cardiomyopathy [15] , and potentially other structural heart interventions such as transcatheter mitral valve repair with the MitraClip and left atrial appendage closure.
Guidance of Transseptal Puncture
ICE enables safe navigation of transseptal puncture compared with traditional fluoroscopy guidance, particularly if patients have an unusual anatomical abnormality [7] (Figure 9 ). It may also help to reduce and immediately identify complications related to transseptal puncture. Optimal septum imaging is obtained by the long axis view such that the interatrial septum is perpendicular to the ultrasound beam. Tenting of the septum indicates stable contact of the needle or dilator with the retracting the ICE catheter to the inferior right atrium in this view. The superior rim, SVC rim, and IVC rim can be evaluated in this view in atrial septal defect (ASD) closure. (Figure 7) The ICE catheter is retracted to the inferior right atrium and tilted posteriorly and rightward. This brings the interatrial septum and aortic valve into view. This view is used to evaluate paravalvular leakage after transcatheter aortic valve replacement (TAVR), as well as measurement of aortic and posterior rims during ASD closure. (Figure 8 )
Short Axis View

Left Ventricular Long Axis View
The posterior-tilted catheter is rotated clockwise and then advanced into the right ventricle. The left ventricle can be imaged across the ventricular septum. Left ventricular function, mitral regurgitation, the subvalvular apparatus, and pericardial effusion can also be evaluated in this view. It may be of limited utility for interventions on the mitral valve and ventricular septum in this view. septum (Figure 10 ). During the puncture, the transseptal needle inserted into the transseptal sheath is directed to the fossa ovalis and carefully advanced. Successful puncture can be confirmed by contrast or agitated saline injection through the transseptal needle to the left atrium ( Figure 11 ). The puncture site is tailored to the intended procedure. The superior-inferior position is evaluated in this long axis view, while the anterior-posterior position is evaluated by the short axis view.
Atrial Septal Defect/Patent Foramen Ovale Closure
Previous studies have shown that ICE provides excellent utility for percutaneous closure of ASD and PFO [8, 9] . There is an increasing trend toward the use of ICE in the majority of these two procedures. Direct visualization may identify septum morphology (Figures 12, 13 ). The short axis view allows for evaluation of the anterior and posterior side of the rim, while the long axis view allows visualization of the superior and inferior side of the rim, as mentioned earlier. During the procedure, this view also allows visualization of guidewire insertion from the right to left atrium; wire positioning; optimal device sizing, positioning, and deployment; and presence of residual shunt (Figures 14, 15 ). 
Mitral Stenosis with Percutaneous Mitral Balloon Valvuloplasty
Percutaneous mitral balloon valvuloplasty is a treatment of choice in patients with rheumatic mitral stenosis. ICE facilitates safer transseptal puncture, which is the riskiest part of this procedure. In addition, the long axis view can identify mitral apparatus deformity due to rheumatic disease, balloon positioning on the mitral valve, and the transmitral gradient after balloon dilation using Doppler (Figure 16 ).
Aortic Stenosis with Transcatheter Aortic Valve Replacement
A previous study compared imaging between ICE and TEE during TAVR and demonstrated the safety and feasibility of ICE-guided TAVR [11] . The long axis view (Figures 17, 18 ) allows visualization of device positioning and deployment. The short axis view ( Figure 7 ) is helpful to grade and evaluate paravalvular leak after device deployment. TEE remains the gold standard imaging modality for TAVR due to its multiplanar capabilities; however, ICE can be considered as an alternative in selected cases.
Mitral Regurgitation with Transcatheter Mitral Valve Repair
ICE may be useful during transcatheter mitral valve repair with the MitraClip (Abbott Vascular, Menlo Park, CA). As the mitral valve has a more complex morphology than the aortic valve, it needs a specific planar window in which both the A2 and P2 scallops of the mitral valve can be visualized (most frequent location for MitraClip placement), so the current generation of two-dimensional ICE has limited usage. However, if there is difficulty visualizing pathology with TEE because of shadowing from the prior surgical ring or severe mitral annular calcification (Figure 19 ), adjunctive ICE has been helpful in the authors' experience. To adequately visualize insertion of both the anterior and posterior leaflets into the MitraClip, the 8F ICE Figure 21) . Notably, in transcatheter mitral valve repair, three-dimensional ICE remains of limited utility due to its relatively narrow sector width and inadequate resolution (Figure 22 ). catheter is introduced retrogradely and transarterially into the left ventricle and flexed to image across the mitral valve ( Figure 20) . The double-orifice mitral valve created by the MitraClip can be visualized by 
ICE (
